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a  b  s  t  r  a  c  t
Objectives: To evaluate the short-term performance of a type of implant manufactured in
Brazil.
Methods: This study analyzed a cohort of 60 patients who underwent implantation of
MD-4® acetabular components during primary hip arthroplasty procedures performed
between January 1, 2010, and August 1, 2012. The patients were studied retrospectively with
regard to clinical behavior, stability and radiological osseointegration. The patients were fol-
lowed up for a minimum of 12 months and a maximum of 42 months (mean: 27) and were
evaluated by means of the Harris Hip Score, SF-36 questionnaire and serial conventional
radiographs.
Results: All the components were radiologically stable, without evidence of migration or
progressive radiolucency lines. On average, the Harris Hip Score evolved from 36.1 to 92.1
(p  < 0.001) and the SF-36 showed signiﬁcant increases in all its domains (p < 0.001). No dif-
ferences were observed among patients with osteoarthrosis, osteonecrosis, hip dysplasia or
other  conditions.
Conclusions: The short-term results showed clinical and radiological signs of stability
and  osseointegration of the implants, which may represent a predictive factor regarding
medium-term survival of this acetabular component.
©  2015 Sociedade Brasileira de Ortopedia e Traumatologia. Published by Elsevier Editora
Ltda. All rights reserved.
Análise  preliminar  do  componente  acetabular  de  titânio  plasma-spray
MD-4®




Objetivos: avaliar o desempenho em curto prazo de um tipo de implante fabricado no Brasil.
Métodos: estudo de uma coorte de 60 pacientes que tiveram componentes acetabulares
MD-4® implantados durante artroplastias primárias do quadril, entre 1 de janeiro de 2010 e
1  de agosto de 2012, e foram estudados retrospectivamente com relac¸ão ao comportamento
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clínico, à estabilidade e à osteointegrac¸ão radiológica. Os indivíduos foram acompanhados
por 12 meses no mínimo e no máximo 42 (média: 27) e avaliados por meio do Harris Hip
Score, do questionário SF-36 e de radiograﬁas convencionais seriadas.
Resultados: todos os componentes estavam radiologicamente estáveis, sem evidência de
migrac¸ão  ou de linhas de radioluzência progressivas. Em média, o Harris Hip Score evoluiu de
36,1  para 92.1 (p < 0,001) e o SF-36 mostrou incremento signiﬁcativo em todos os domínios (p
<  0,001). Nenhuma diferenc¸a foi observada entre pacientes com osteoartrose, osteonecrose,
displasia do quadril ou outras condic¸ões.
Conclusões: os resultados de curto prazo mostraram sinais clínicos e radiológicos de estabil-
idade e de osteointegrac¸ão dos implantes, o que pode representar um fator preditivo quanto
à  sobrevivência em médio prazo do componente acetabular considerado.
©  2015 Sociedade Brasileira de Ortopedia e Traumatologia. Publicado por Elsevier







































ver the last 20 years, a large variety of porous surfaces
nd metallic materials have been used to achieve ﬁxation
y means of bone growth (ingrowth) in total joint prostheses
or the hip and other joints. The ones most commonly used
re composed of titanium or titanium alloys, rough-surfaced
hromium–cobalt metal alloys and woven metal ﬁber. The
xternal coatings of the cups present macro or microporos-
ty, such as that obtained through spraying the surface with
itanium (plasma spray) or, more  recently, through using tra-
eculated metal.1
Studies on animal models, clinical studies and evi-
ence from implants removed postmortem (retrievals) have
emonstrated the capacity of porous surfaces for favoring
one growth through ingrowth and generating osseointe-
ration. They are effective for supplementing or ensuring
he primary mechanical stability that is achieved through
ntroducing the implant under pressure (i.e. press-ﬁtting it),
ith or without adjuvant screws.2 Weller and Volkmann3
ound that pores of diameters between 50 and 200 m
avored bone ingrowth and noted that spraying with
itanium is a method capable of reproducing these parame-
ers.
Absence of early translation of the metal cup is con-
idered to be indicative of good medium and long-term
esults.4,5 Bone growth on the porous external surface
f the implant is inﬂuenced by the size of the pores,
roperties inherent to the materials and close proximity
etween the bone and implant.6 Surface roughness and
steoconductivity of the titanium coating have been cor-
elated with the primary and secondary stability of the
mplants.4
The primary objectives of the present analysis were to
nvestigate the clinical performance, stability and presence
f short-term radiological signs of osseointegration of the
cetabular component analyzed, and whether there might be
ny association between the stability and ﬁxation of the cup
nd the variables of etiological diagnosis, age, positioning and
rimary stability of the implant. There are no studies in the
iterature on the performance of the acetabular component
nalyzed in this series.Materials  and  methods
This study was approved by our institution’s research ethics
committee under the number CEP 408.719. All the individ-
uals selected explicitly agree to participate through a free and
informed consent statement.
This was an observational clinical study that examined an
initial group of 62 individuals, from which a cohort of 60 indi-
viduals was retrospectively evaluated for a minimum period of
12 months and a maximum of 42 months (mean: 27). The MD-
4® acetabular component (MDT Ind. Com. Imp.  Exp. Implantes
Ltda.) was used under uniform conditions by the same surgeon
at a regional teaching and referral hospital between January
2010 and August 2012. The acetabular component was used
together with a polished cemented femoral nail with a cen-
tralizer and a plug to occlude the femoral canal, which were
all manufactured in Brazil. A second-generation cementation
technique was used.7 All the individuals received two  adju-
vant titanium screws. Only two cases were lost during the
follow-up.
The MD-4® acetabular component is composed of a hemi-
spherical cup that is manufactured using the 6Al–4V titanium
alloy.8 The external coating of plasma-sprayed titanium has
a mean thickness of 150 m and a mean pore size of 224 m.
The component has three peripheral holes for inserting adju-
vant titanium ﬁxation screws and one central (polar) hole for
the impaction guide. The insert of ultra-high molecular weight
polyethylene is molded by means of a machining process. It
has 18 notches and an edge raised by 10◦, and it is sterilized
by means of gamma rays for use with femoral heads of 22 mm
(only for cups of 44–48 mm)  and 28 mm (for other measure-
ments).
The cases selected were only affected in a single joint
and presented grade IV in the classiﬁcation of Kellgren and
Lawrence for osteoarthrosis.9 Complete clinical data were reg-
istered before the operation and after 6, 12, 18 and 24 months
of evolution. Conventional radiographs were obtained before
the operation, during the immediate postoperative period,
after six weeks of evolution and after 3, 6, 12, 18 and 24 months
of follow-up. The clinical and radiological evaluations were
made by the senior author. The radiographs were reviewed
by a second independent trained observer who  was also a
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of the hip and the orientation of the so-called safety zone
of Lewinnek et al.,14 i.e. abduction of 40 ± 10◦ and antever-







30Fig. 1 – Etiological distri
physician but was not involved directly with the provision of
care for the individuals under analysis. Conventional radio-
graphs were obtained in anteroposterior and lateral views of
the proximal femur and coxofemoral joint, with magniﬁcation
of approximately 15%. The clinical and functional variables
were evaluated by means of a speciﬁc instrument, i.e. the Har-
ris Hip Score (HHS),10 which was used in association with the
SF-36 questionnaire.11 The Harris Hip Score (excellent: 90–100
points; good: 80–90; satisfactory: 70–79; and poor: lower than
70) and the SF-36 questionnaire were applied before the oper-
ation and at the six-month follow-up. The standard deviation
was calculated for each item investigated, before and after the
operation. The Mann–Whitney test was used for paired com-
parisons when the data were normally distributed and the
Wilcoxon test was used for nonparametric data. The signiﬁ-
cance level was set as p < 0.05. The data analysis was developed
using the Statistical Package for the Social Sciences (SPSS),
version 15.0 (Chicago, IL, USA).
The etiologies of the cases are described in Fig. 1 and the
age groups of the individuals are shown in Fig. 2.
The modiﬁed Hardinge lateral hip access12 was used in
lateral decubitus. A cephalic component of diameter 22 mm
was used in only one case of a cup of size 44 mm,  in a
patient with developmental dysplasia of the hip. All the other
cases received an interchangeable head of 28 mm in diame-
ter. Second-generation cephalosporin was used as prophylaxis
against infection, for the entire sample: 2 g immediately
before the operation and then 1 g every 8 h. This was con-
tinued until the vacuum drain was removed, no more  than
48 h after the procedure. For prophylaxis against throm-
boembolism, the approach recommended by Salvatti et al.13
was used, consisting of use of elastic stockings, stimula-
tion of early movement  and use of aspirin: 300 mg/day for
30 days, starting from the second day after the operation.
Use of enoxaparin (40 mg/day for 21 days) was reserved forn of the study sample.
cases with a high risk of thromboembolism (16.8% of the
individuals).
Shavers 2 mm smaller than the external diameter of the
cup were used. The external diameter had been selected pre-
viously by means of transparencies (templates), with a view
to ensuring a good press ﬁt. All the cysts identiﬁed during the
surgical procedure were curetted and pasty autologous spongy
graft was applied. This was obtained from the ﬁnal shaving
and from the femoral head. A massive autologous graft from
the femoral head, ﬁxed with spongy screws, was used in two
hips to correct acetabular dysplasia. IN implanting the compo-
nent, the aim was to restore the anatomical center of rotationFig. 2 – Age groups of the study sample.
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ntraoperatively and a visual check was made to see whether
here was any level of movement  after the ﬁnal impaction.
rom the third postoperative day, partial weight-bearing using
orearm crutches was authorized, and this was maintained
ntil the 45th day, when full weight-bearing on the operated
imb was allowed.
The radiographs obtained after six weeks of evolution
ormed the initial parameter for identifying cysts, failures at
he bone-implant interface, radiolucent lines and migration of
he component.
As recommended by Malizos et al.,6 in the zones in which
he surface of the component was not in close contact with the
one on the reference radiograph, this ﬁnding was classiﬁed
s a “ﬂaw” (gap). This was done to establish a distinction in
elation to radiolucent lines that might appear on subsequent
adiographs, in areas where no ﬂaws existed initially. The sub-
hondral cysts were identiﬁed and monitored. To evaluate the
igration of the component, we  used the criterion of Nunn
t al.,15 which is recommended for early evaluations in which
he polyethylene insert is not expected to have become worn.
n this methodology, the reference points are the teardrop, the
enter of the head and the horizontal and vertical distances
etween the center of the head and the ipsilateral and con-
ralateral teardrops. The following ﬁndings were considered
o be indicative of loosening and instability: a circumferential
adiolucent zone >2 mm involving more  than 50% of the bone-
mplant interface; and vertical or horizontal migration greater
han or equal to 2 mm.  The reference points considered were
he teardrop and the distances from this to the upper and
edial edges of the acetabulum and to the center of the cup16
nd/or changes to the inclination of the cup of 4◦.17
The radiological parameters that have been reported to
e indicative of failure of ﬁxation and of osseointegration of
he implant consist of observation of progressive and/or com-
lete radiolucent lines at the bone-implant interface and the
resence of ﬂaws (gaps) at the bone-metal interface and bone
ysts that do not ﬁll over the course of time, with or without
ssociated migration of the component. According to sev-
ral authors, this parameter constitutes deﬁnitive evidence of
nstability and loosening.18,19
The localization of the radiological ﬁndings was based on
he classiﬁcation of DeLee and Charnley.20
esults
atisfactory stability (with press ﬁt) was obtained, as veri-
ed during the operation, in 53 individuals (88.3%). Three
cetabular components positioned with an abduction angle
f more  than 50◦ were observed. These were among the
even individuals (11.7%) in whom the initial press-ﬁt stability
as unsatisfactory. The mean angle of inclination (abduc-
ion) of the acetabular component was 45.5◦ (minimum of 35◦
nd maximum of 56◦). Six cases (10%) presented radiolucent
ines of 1 or 2 mm in two zones at the six-month follow-up,
ut there was no radiographic progression and/or migration
nd/or instability of the implant at the follow-ups 12 and 18
onths after the operation. An apparent increase in bone den-
ity was observed in 13 cases (21.6%), in DeLee and Charnley’s
ones 1 and 2.20;5 0(2):206–213 209
Six out of the 12 subchondral cysts that had been identi-
ﬁed decreased in size between the third and sixth months,
and four of them showed subtotal ﬁlling after nine months of
evolution. The other six continued to present the same appear-
ance. A small bone ﬂaw (gap) was detected in the polar region
in four cases (6.6%) in this series, with partial ﬁlling after 18
months of observation in three cases and total ﬁlling in one
case.
The complications observed were as follows: one case of
neuropraxia of the ﬁbular portion of the sciatic nerve, in
which the limb stretching reached 2.5 cm,  with partial recov-
ery seen after six months of evolution and full recovery after 18
months; once case of superﬁcial infection with favorable reso-
lution and retention of the implant; and one case of deep vein
thrombosis. There were no cases of instability/dislocation or
heterotopic ossiﬁcation. It was also observed from the radio-
graphic control done six months after the operation that a tiny
fragment had become detached from the greater trochanter
in two cases, with marked osteopenia. Both of these cases
evolved to bone consolidation, without any clinical repercus-
sions.
All the cemented femoral components were found to have
remained ﬁxed, without any signs of subsidence or radiolu-
cent lines, and with intact homogenous cement layers. They
were classiﬁed by the observers as well positioned, except in
two cases, in which slight varus deviation of the nail was seen.
In the present study, there was discordance between the
two observers in 14 cases (23.3%) with regard to the presence
of discontinuity of the bone-metal interface (presence of gaps
or radiolucency greater than 2 mm),  from which low interob-
server concordance was inferred. A consensus was reached
at a second combined evaluation with repetition of the radio-
graphs.
A positive association was observed in this series between
absence of satisfactory primary press-ﬁt stability and position-
ing of the acetabular component at an angle outside of the
safety zone (p < 0.001). However, this did not compromise the
secondary stability.
During the postoperative follow-up, no occurrences of
acetabular or femoral osteolytic lesions were detected. Nor
was there any measurable wear on the polyethylene insert.
Therefore, given the criteria used and taking implant revision
for any reason as an outcome (Kaplan–Meyer analysis), 100% of
the acetabular components were stable and functional at the
time of the last radiological control (Tables 1 and 2, Figs. 3–6).
Discussion
Implant performance can be evaluated through a variety
of clinical methods and through imaging. Hirakawa et al.21
emphasized that the performance of an implant and its
osseointegration can be measured by performing tests and
clinical assessments, but that the deﬁnitive judgment should
be made after postmortem examination of the implants
(retrievals). This view was corroborated by Cuckler.22Although conventional radiographic analysis allows
observers to obtain valuable data, the two-dimensional
nature and technical variations of this examination are a
limitation on its use.17 On the other hand, its low cost and
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Table 1 – Mean scores for the eight domains that constitute the SF-36 and Harris Hip Score (HHS) and their statistical
signiﬁcance (p-value).
Variables Before operation After operation p
Mean (SD) Mean (SD)
SF-36
Functional capacity 12.9 (15.1) 52.6 (27.7) <0.010
Limitation due to physical aspects 7.9 (19.9) 47.1 (41.0) <0.001
Pain 23.6 (18.5) 62.3 (25.7) <0.002
General state of health 55.9 (23.1) 71.0 (22.5) <0.001
Vitality 41.6 (23.1) 69.1 (21.8) <0.001
Social aspects 41.8 (24.2) 73.9 (25.1) <0.001
Emotional aspects 22.9 (35.0) 66.7 (37.0) <0.001
Mental health 54.6 (26.8) 80.3 (17.8) <0.001




Fig. 5 – Partial ﬁlling of cyst, nine months after theFig. 3 – Radiological osseointegration, 18 months after the
operation.
ease of access, and the familiarity of observers with the tech-
nique, stimulate its routine use universally. Radiostereometry
techniques provide greater accuracy in evaluating implant
translation and rotation, but they are not readily available
in our setting.23 Gruen et al.24 reported on the radiographic
results from evaluating an acetabular component in an exten-
sive multicenter study that used conventional radiography.
Although no consensus has been reached, some investiga-
tors have assessed the accuracy of simple radiographs in
relation to the state of ﬁxation of uncemented acetabular
components and have reported that sequential radiographs in
M.C.O.A.-P.O. 12 months
Fig. 4 – Radiological osseointegration, 12 months after the
operation.operation.
anteroposterior and lateral views have high sensitivity (94%)
and speciﬁcity (100%), with a 100% positive prediction value
for identifying the status of porous hemispherical acetabular
cups.25
Some authors have taken the view that alterations to the
position of the implant of 1 mm over the ﬁrst years probably
reduce its useful life, while others have believed that migra-
tion of up to 2 mm would not be a deﬁnitive sign of aseptic
loosening.26,27 Although the presence of complete radiolucent
lines is suggestive of loosening, migration of the component
is considered to be the only safe criterion for asserting that
the acetabular component has loosened and not become inte-
grated. Therefore, determining this is critical for the diagnosis
and requires standardized serial radiographs based on correct
anatomical reference points.19
C. A. S. S
0 + 3 months
Fig. 6 – Dysplasia: graft integration and stable cup, three
months after the operation.
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Table 2 – Demographics and summary description of the cases and radiological ﬁndings.
Patient Age Gender Side Follow-up
(months)
Diagnosis HHSi HHSf Relevant data
1 60 F Left 42 Dysplasia 30.1 98.9
2 43 M Right 42 Femoroacetabular impingement 18.5 92.0
3 52 M Left 42 Primary osteoarthrosis 55.3 88.4
4 45 M Right 42 Osteonecrosis 44.7 97.9
5 26 M Right 41 Osteonecrosis 32.0 100.0
6 62 F Right 40 Primary osteoarthrosis 44.5 99.9
7 68 F Right 40 Primary osteoarthrosis 53.9 84.0
8 64 M Right 40 Dysplasia 5.7 95.0
9 57 M Right 40 Primary osteoarthrosis 52.9 84.8
10 57 F Left 40 Rheumatoid arthritis 13.3 97.9
11 48 M Left 40 Primary osteoarthrosis 44.4 90.7 Ang. >50◦
12 51 M Left 40 Osteonecrosis 47.2 97.9
13 63 F Right 40 Primary osteoarthrosis 48.4 99.4
14 64 F Right 39 Primary osteoarthrosis 38.8 87.7 Ang. >50◦
15 52 M Right 38 Primary osteoarthrosis 36.0 88.8
16 60 M Left 37 Sequelae of fractures 25.8 93.0
17 53 M Right 37 Primary osteoarthrosis 54.3 89.9 Ang. >50◦
18 73 F Right 37 Primary osteoarthrosis 25.8 84.8 Neuropraxia of
sciatic nerve
19 45 M Left 37 Femoroacetabular impingement 56.6 97.0
20 42 F Left 37 Dysplasia 42.7 90.0
21 54 F Right 37 Primary osteoarthrosis 52.0 92.0
22 62 F Left 37 Primary osteoarthrosis 25.4 80.8
23 42 M Right 37 Osteonecrosis 31.6 87.1
24 52 F Right 36 Dysplasia 5.4 88.5 Superﬁcial
infection
25 56 M Right 36 Primary osteoarthrosis 20.8 100.0
26 62 M Right 35 Osteonecrosis 55.4 100.0
27 55 M Right 35 Osteonecrosis 25.8 92.9
28 72 F Left 35 Primary osteoarthrosis 44.4 84.9
29 45 M Left 34 Osteonecrosis 19.1 94.0
30 78 F Left 34 Sequelae of fractures 45.9 88.5 Trochanter frag.
31 58 M Right 33 Osteonecrosis 22.8 100.0
32 58 F Right 33 Primary osteoarthrosis 23.2 91.2
33 74 F Right 33 Rheumatoid arthritis 31.9 90.4 Trochanter frag.
34 40 M Left 33 Primary osteoarthrosis 38.7 84.0
35 72 M Right 32 Dysplasia 60.3 100.0
36 62 F Left 29 Primary osteoarthrosis 30.3 98.5
37 46 M Left 29 Avascular necrosis 55.4 92.3
38 57 M Right 28 Avascular necrosis 44.8 88.0
39 58 M Right 28 Primary osteoarthrosis 32.0 97.5
40 67 F Left 27 Primary osteoarthrosis 45.2 99.8
41 71 M Left 26 Sequelae of fractures 53.6 100.0
42 62 F Right 26 Primary osteoarthrosis 14.3 84.5
43 65 F Right 23 Primary osteoarthrosis 43.7 95.0
44 54 F Left 22 Primary osteoarthrosis 38.5 85.0
45 78 M Left 21 Primary osteoarthrosis 56.3 98.0
46 64 F Right 21 Dysplasia 25.6 90.5
47 54 M Left 20 Primary osteoarthrosis 48.5 97.9
48 43 M Right 20 Dysplasia 56.0 99.4
49 53 F Right 18 Primary osteoarthrosis 33.7 87.5
50 54 M Right 18 Avascular necrosis 47.8 88.7
51 63 F Right 17 Primary osteoarthrosis 35.9 93.2
52 63 F Right 17 Primary osteoarthrosis 40.6 82.0
53 66 M Right 16 Femoroacetabular impingement 49.7 96.0
54 68 M Right 16 Primary osteoarthrosis 31.6 85.6
55 44 M Left 16 Dysplasia 52.0 89.4
56 32 F Right 16 Primary osteoarthrosis 20.7 90.5
57 66 F Right 16 Avascular necrosis 42.6 95.5
59 32 F Left 15 Avascular necrosis 52.0 100.0
59 45 M Right 12 Femoroacetabular impingement 23.4 81.4 DVT
60 55 F Right 12 Primary osteoarthrosis 45.6 99.5
Ident., identiﬁcation; F, female; M, male; ang., angle.
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In a radiological study that evaluated cups coated with
trabecular metal, Macheras et al.28 demonstrated that over
a 24-week follow-up period, it could clearly be seen that the
ﬂaws in the bone-implant interface had been ﬁlled and that
osseointegration of the cups had occurred. Over the long term,
none of these implants presented aseptic loosening. It is possi-
ble to infer from these studies that conventional radiographic
methods continue to be the standard most used routinely for
following up and evaluating hip prostheses.
Komarasamy et al.29 and Mulier et al.30 reported results
with follow-ups of 32 months and 46 months, respectively.
Mulier found that the density of spongy bone in zone I
increased in 79% of the cases and that in zone III, it increased
in 58% of the 24 hips that reached complete radiological eval-
uations.
The same ﬁnding was seen in the radiological evaluations
after 12 and 18 months of follow-up, in 13 cases (21.6%) of the
present sample.
Clinical-radiological analyses on implants with micro-
porous coatings such as Plasmapore®,31,32 which is equivalent
to what is used on the MD-4® acetabular component, have
highlighted the importance of early bone-implant interaction
and its inﬂuence on the long-term survival of the prosthetic
replacement. The type of coating, the porosity and the size
of the pores are crucial factors in relation to osseointegration
and secondary stability.
While the limitations of the present study (due to the small
number of patients and the short duration of the follow-up)
need to be borne in mind, the sample was homogenous in
relation to the diverse variables considered. The observed
early evidence of radiological osseointegration of the acetab-
ular component becomes important within the context of the
absence of recent published data on implants manufactured
in Brazil in the indexed medical literature.
Conclusion
The short-term clinical and radiological results obtained
demonstrated that all the implants were stable. In most cases,
the acetabular components evaluated showed radiographic
signs of osseointegration. These results were equivalent to
the performance of similar products under similar conditions,
which may constitute a predictive factor with regard to the
medium-term survival of the component.
Long-term follow-up of a larger number of individuals and
analysis on postmortem specimens are essential for deﬁnitive
conclusions to be obtained regarding the behavior of this type
of implant.
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